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Water — Essential for Life on Earth
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Quantification Methods of Soil Moisture

methods for quantification of surface soil moisture

direct

T=RENO

TERRESTRIAL ENVIRONMENTAL OBSERVATORIES

gravimetric/ volumetric
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Thermal inertia [P]

e Response of a material to temperature changes

vegetation
. /'\\/
bare soil —7 \ P — kp C
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\/ \ k= thermal conductivity
\\. o / water p= density

¢ = specific heat capacity

Temperature

* Time
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e Thermal inertia of soil cannot be measured by remote sensing techniques directly

- models needed
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Diurnal Temperature Variation versus Soil Moisture

Wl | Simple Approach of Apparent Thermal Inertia — ATI
oo - (Price 1977)
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Lo N ATl model does not meet the requirements
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VOLUMETRIC SOIL WATER CONTENT (cm® cm3) _
Summary of results for the diurnal temperature variation versus soil moisture [Idso ef al., 19754]. 9 Real Th erm al In ertia
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Outline

# Experimental Design

~ Data Acquisition

# Real Thermal Inertia 2 Times Model
# Results

~ Outlook
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2013 Thermal Campaign
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TERENO-Northeastern German Lowland

Observatory / DEMMIN® Testsite

(Detailed Information — Poster Session on Tuesday)
Multitemporal Experiment

%FBIJ??E&Y:;DLR_N%%W/FIHZ in 1999
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m0|stlIJre close to acquisition time
soil moisture stations

162 target points at dn‘ferent landuses
R
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Marcin Wozny (BGR)

Thermal (BGR Hannover)

Infratec VarioCam hr
head 600

Spatial Resolution:
640 x 480 Pixel

Spectral coverage :

7—=14 um
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Hyperspectral (UFZ Leipzig)
e AISA Dual

e Spatial Resolution:

300 Pixel across track

e Spectral coverage :

0.4-2.5um
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Diurnal variation of surface temperature

Multitemporal mosaic (3 UTC /11 UTC/ 18 UTC)

Differences of thermal inertia

- between crop types
- within fields

Potential reasons
Variations of internal factors
- plant density

- plant vitality

(= plant water content)
- soil type
- soil moisture
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Real Thermal Inertia 2 Times Model

Result

Variable Input Parameter = = = Real Thermal Inertia Image
« Albedo = Hyperspectral : : =
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Diffusion Equation with
linearized boundary _ O
iti » compensation of albedo
Constant Input Parameter coelions p

L solved with Fourier analysis effects
solar Radiation . e . i £ sol
assuming two coefficients of compensation or solar

solar declination the series development are effects
latitude of observation nearly equal

longitude of observation (after Carslaw and Jaeger, 1959)




PLSR results for winter barley (08./09.07.2013)

Winter barley
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Predicted vs. Reference

Slope Offset RMSE R-Square

0,8538125 2,3026848 1,2875098 0,8538123
0,238292 10,742386 3,6534321 0,0465525
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Sugar beet
Predicted vs. Reference
Slope Offset RMSE R-Square
18 - 0,8001681 2,6588063 0,8859913 0,8001682 3

0,6286039 4,853055 1,1516453 0,7265183
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Discussion and Outlook

# Good results for areas with low vegetation cover (< 50%)

# Actual no consideration of evapotranspiration

Soil moisture

source:

Sobrino et al. / Remote Sensing of
Environment 117 (2012) 415-428

Surfach_?em 3;0 | 3'6 P
peratl.lre 320
(K)

Outlook

~ Integration of evapotranspiration needed for vegetation covered areas
~ Refine algorithm for combination with hyperspectral data

~ Combination with data of TERENO DEMMIN agro-meteorological and soil moisture

network
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Thank you for your attention

Contact: ~ Dr. Daniel Spengler ﬁ .
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